Introduction. In 2016, about 3.6 million hectares of land burned in the United States and Canada (NIFC 2017; NFD 2017) . In Canada, a wildfire southwest of Fort McMurray, Alberta, caused the largest wildfire evacuation in Alberta's history and destroyed 2400 homes in 2016 (McConnell 2016) . Abatzoglou and Williams (2016; AP16 from hereon) showed that anthropogenic climate change has increased forest fire activity in the western United States. This raises the question if anthropogenic forcing are increasing the risk of devastating events outside this region such as the Canadian Fort McMurray fire.
During the Australian summer of 2015/16, the country experienced high numbers of bushfires: the southwest and southeast of the country were most affected with more than 100 000 hectares of vegetation burned in Tasmania ( ABC News 2016a) . Over the course of this summer, 408 residential and 500 nonresidential buildings were destroyed nationwide. This fire season was moderately destructive with insured losses of about AUD $350 million (ABC News 2016b).
AP16 found for the western United States a strong link between the spring-summer vapor pressure deficit (VPD) and the annual burned area. In this paper, we build on this work using monthly average VPD as a proxy for fire risk during the summer of 2016 for extratropical Australia (October-February) and western North America (May-August) though this link has not been directly established for either region. VPD is an absolute measure of the state of atmospheric moisture, specifically the difference between the saturation vapor pressure and the actual vapor pressure of the atmosphere (Seagar et al. 2015) . Changes in VPD are associated with the drying of both live vegetation and litter fuels, and it is only when vegetation and litter fuels are sufficiently dry that fires can both ignite and spread (Bradstock 2010) .
Methods.
To estimate the effect of anthropogenic climate change on VPD in western North America and extratropical Australia, we compared three different ensembles of the HadAM3P atmosphere-only model (Massey et al. 2015) , which has a resolution of 1.875° × 1.25°, with each other and the ERA-Interim (ERAI) reanalysis (Dee et al. 2011 (Seager et al. 2015; Wallace and Hobbs 2006): and, neglecting moisture mass in the atmosphere, can be rewritten as:
Eq. (1) where e(e s ) is the (saturated) vapor pressure, q the specific humidity, p* the surface pressure, and RH the relative humidity near the surface.
We computed VPD in the HadAM3P simulations and ERAI reanalysis using Eq. (1) applied to gridded monthly mean data neglecting nonlinearity. For HadAM3P, q and RH were 1.5 meter values while for ERAI we interpolated q and RH from monthly mean pressure level data to the surface. We use as a reference period the 30 years 01 December 1979-30 November 2009 and VPD, q sat (q/RH), q, and p* were converted to anomalies against this period from the Historical or ERAI values.
The western North America (WNA) region was defined as in Giorgi and Francisco (2000; GF00) , while we defined an extratropical Australian region (extAUS) as the GF00 AUS region south of 23.5°S. Fire does not occur in all places in the regions, so we defined a fire-mask to keep locations in our analysis where fire occurs. This mask was constructed from the MODIS CMG dataset using Aqua satellite measurements (Giglio et al. 2009 ) for 2003-16. Each 0.5° × 0.5° grid box and climatological month, was defined as a fire grid box if the fraction of pixels with fire detected for 2003-16 was greater than 10 −5 (Figs. ES12.1b-e show regions and fraction of fire pixels for January and July). The 10 −5 is arbitrary and corresponds to roughly one detected fire pixel per month. Simulated (and reanalysis) VPD, q, RH, q sat (q/ RH), and p* anomalies and normals were bilinearly interpolated to this grid from the model/reanalysis grid, data only kept at fire grid boxes, and then area averaged over the two regions to produce time series. It is these time series that we subsequently analyze. Uncertainties on ensemble averages were computed by bootstrapping (Efron and Tibshirani 1994) over the ensemble members.
We define as a threshold for extreme events the ERAI maximum regional average VPD anomaly, for each calendar month, from the reference period corresponding to a one-in-30-year event. To compute the risk of exceeding this threshold we compute, for each month, the fraction of the Nat15-16 and Hist15-16 anomalies that exceed it. We test sensitivity to variance errors by scaling the Hist15-16 and Nat15-16 anomalies by the ratio of the monthly mean standard deviations from ERAI and Historical anomalies for the reference period.
Results. Model simulations are evaluated by comparing the Historical ensemble with ERAI. HadAM3P's VPD biases are small relative to the annual cycle though are negative for most of the year in WNA (Fig. 12.1a ) with largest differences in June of −180 Pa. HadAM3P VPD variance appears consistent with that of ERAI (Fig. 12.1b) though the model has significantly smaller variance than ERAI for January-March, and there is no strong evidence of an increase in variability due to human forcings.
For extAUS Historical mean, VPD is, apart from November and December, consistent with that from ERAI ( Fig. 12.1c) . In November and December biases peak at about +120 Pa. Variability from reanalysis and HadAM3P is broadly consistent though reanalysis variability during austral summer is generally larger than simulated in HadAM3P. For most of the year, extAUS has larger variability in Hist15-16 and Historical than in Nat15-16 (Fig. 12.1d) . Mean VPD values peak in WNA in June-August while in extAUS they are largest during October-February. It is these components of the annual cycle we subsequently focus on.
We now compare ensemble means from Hist15-16 with Nat15-16. For WNA, differences between the two ensembles are significant throughout most of the year with largest differences in July and August 2016 (Fig. 12.2a) . For extAUS the Hist15-16 (Nat15-16) ensemble has positive (negative) anomalies for most of the period suggesting that human influences have increased VPD. However, during December 2015 and January 2016 Nat15-16 shows positive anomalies.
We compare the Hist15-16 ensemble anomalies with ERAI (Fig. 12.2b) . For both regions Hist15-16 is broadly consistent with ERAI though extAUS in October 2015, and WNA in February 2016 are exceptions to this (Fig. 12.2b) . ERAI VPD values for September 2015 to August 2016, though generally larger than Nat15-16, are not very exceptional with almost all values being smaller than the maximum 1979-2009 VPD value. Maximum ERAI anomalies occur throughout the reference period with no obviously preferred year (or decade).
We now investigate the probability, for both ensembles, of crossing the 1979-2009 threshold. In extAUS, only in January 2016 do any of the Nat15-16 members cross the ERAI threshold (Fig. 12.2c ). In WNA, the threshold is exceeded once in each of September through November 2015. For extAUS, there is an approximate doubling of the probability of exceeding the thresholds for October-February with a probability of about 7% (4%) for Hist15-16 (Nat15-16). May 2016, when the Fort McMurray fires started, has near-zero anomaly for WNA in both ensembles and reanalysis suggesting that this event was not strongly linked to continental scale VPD changes, and no ensemble members cross the 30-year threshold (Fig. 12.2c ) during this month. However, during June 16-August 16, we find several extreme VPD values in the Hist15-16 ensemble, and no such events in the Nat15-16 ensemble (Fig. 12.2c) . The average probability of crossing the threshold during this period is 19%. Making a relative risk estimate is difficult when the probability of events in the natural world are small. Being very conservative we assume, with 24 ensemble members, that the probability of crossing the threshold in Nat15-16 is 4% (1/24) giving a risk ratio of about 5, though larger values are possible.
We tested the sensitivity of these results to correcting for variance errors and found little sensitivity in WNA, but the risk for extAUS changed to 12% (3%) for Hist15-16 (Nat15-16) suggesting a risk ratio of about 4. Being conservative and taking the risk of 1:30 events for Nat15-16 as 4% then the risk of extreme VPD events, in extAUS, has increased by 2-3 times.
Our estimation of risk ratios is dependent on HadAM3P and the boundary conditions used. Had-AM3P compares well with the ERAI VPD climatology (Fig. 12.1a) and the reanalysis values for September 2015-August 2016 are largely contained within the Hist15-16 ensemble (Fig. 12.2a) . We decompose the changes in VPD into changes in saturated humidity, surface pressure, relative humidity, and residual effects (see online supplement and Fig. ES12.2) . We find that changes in saturated humidity (likely dominated by changes in temperature) and relative humidity (likely model sensitive) are the dominant drivers of VPD in both regions. In WNA, changes in q sat make the largest contribution with a small enhancement by reductions in RH. In contrast, for extAUS changes in RH offset changes in q sat suggesting some model sensitivity in that region. Overall, we conclude that for WNA that human influences have very considerably increased the risk of extreme VPD values in JuneAugust 2016, though not for the Fort McMurray fire period in May. For extratropical Australia, we find a weaker human influence with a doubling of the risk of extreme VPD. Assuming wildfire in extAUS and WNA, like in the western United States, is related to VPD then human influences have considerably increased the risk of one-in-30-year wildfire events. We thank the editor, two anonymous reviewers, and Stephanie Herring for comments that improved the paper, and Dathi Stone (LBL) for providing the Natural SST and SIC datasets. Data and software used in this paper are available from SFBT.
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